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Abstract: 7KHODVHULQGXFHGEUHDNGRZQVSHFWURVFRS\/,%6LVDQDQDO\WLFDOWHFKQLTXHWKDWFDQLGHQWLI\DQGLI
SURSHUO\FDOLEUDWHGTXDQWLI\DQ\FKHPLFDOHOHPHQW+RZHYHUIRUVRPHHOHPHQWVOLNHFRSSHULWVLGHQWL¿FDWLRQLV
KDUGGXHWRWKHOLPLWRIWKHWHFKQLTXH,QWKLVZRUNZHDVVHVVHGWKHSRVVLELOLW\RIWKHWHFKQLTXHLQHVWLPDWLQJWKH
FRQFHQWUDWLRQRIFRSSHULQVRLOVDPSOHVXVLQJHPLVVLRQOLQHVRIRWKHUHOHPHQWV$WRWDORIVRLOVDPSOHVFROOHFWHG
DFURVVWKHFRXQWU\ZHUHXVHGDQGWKHLUFRSSHUFRQFHQWUDWLRQVZHUHOHVVWKDQSSP$WWKLVFRQFHQWUDWLRQWKH
HTXLSPHQWXVHGIRU/,%6PHDVXUHPHQWVGHWHFWHGQRPDMRUFRSSHUHPLVVLRQOLQHVOLQHVDQGQP7R
RYHUFRPHWKLVGLI¿FXOW\ZHDSSOLHGVPRRWKLQJDQGEDVHOLQHFRUUHFWLRQPHWKRGVLQWKHVSHFWUDOUHJLRQFRPSULVHG
EHWZHHQDQGQPEXLOGLQJD UHJUHVVLRQPRGHOZLWK WKH FRUUHFWHG VSHFWUD7KHFRUUHODWLRQFRHI¿FLHQW
REWDLQHGE\ FURVVYDOLGDWLRQ/HDYH2QH2XWZDV ZLWK HUURU RI EHWZHHQ WKH YDOXHSUHGLFWHGE\ WKH
PRGHODQGWKHYDOXHPHDVXUHGE\,&37KLVUHVXOWLQGLFDWHVWKDWHYHQZKHQWKHHOHPHQWWREHDQDO\]HGFDQQRWEH
GLUHFWO\GHWHFWHGE\/,%6WHFKQLTXHLWFDQEHHVWLPDWHGVHPLTXDQWLWDWLYHO\E\WKHHPLVVLRQOLQHVRIRWKHUHOHPHQWV
SUREDEO\E\WKHVWRLFKLRPHWULFUDWLR
Keywords: /,%6FRSSHUEDVHOLQHFRUUHFWLRQWUDFH
1. Introdução
$HVSHFWURVFRSLDGHHPLVVmRGHSODVPDLQGX]LGRSRUODVHU/,%6pXPDWpFQLFDGHDQiOLVHTXtPLFDPXO-
ti-elementar largamente empregada nos últimos anos com potencial de análise in situ &5(0(56'$$
SURFXUDSRUHVVDWpFQLFDWHPDXPHQWDGRVLJQL¿FDWLYDPHQWHGHYLGRDRGHVHQYROYLPHQWRUHFHQWHGHHVSHFWU{PHWURV
GHDOWDUHVROXomRFRPWDPDQKRVUHGX]LGRVRVTXDLVRSHUDPHPEDQGDHVSHFWUDODPSODSHUPLWLQGRDVVLPDQiOLVH
GHTXDVHWRGRVRVHOHPHQWRVTXtPLFRVVLPXOWDQHDPHQWH$UHGXomRQRWDPDQKRGRVLQVWUXPHQWRVSHUPLWLXUiSLGR
FUHVFLPHQWRGRXVRGD/,%6QDTXDQWL¿FDomRHOHPHQWDUGHDPRVWUDVHPTXDOTXHUHVWDGRVyOLGROtTXLGRRXJD-
VRVR$WpFQLFDDLQGDWHPJUDQGHSRWHQFLDOSDUDDSOLFDomRGLUHWDQRFDPSRSRUQmRH[LJLUSUHSDURGDVDPRVWUDV
FRPUHDJHQWHVHVHUVXVWHQWiYHOSRLVJHUDSRXFDTXDQWLGDGHGHUHVtGXR12//5(,1+$5'HWDO3RU
HVWHVPRWLYRVD/,%6FRQVWLWXLXPDWpFQLFDSURPLVVRUDSDUDDQiOLVHGLUHWDGHVRORVin situ e tem sido largamente 
XWLOL]DGDSDUDDQiOLVHVTXDOLWDWLYDVHHPDOJXQVFDVRVTXDQWLWDWLYDVGHQXWULHQWHV+866$,1HWDOFRQWD-
PLQDQWHV3$1'+,-$HWDOFRQFHQWUDomRGHFDUERQRGD6,/9$HWDOHPHWDLVSHVDGRVHPVRORV
&$3,7(//,HWDOGHQWUHRXWURV
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(QWUHWDQWRDWpFQLFDDSUHVHQWDGL¿FXOGDGHVTXDQWRjFRUUHomRGDOLQKDGHEDVHGRVHVSHFWURVGHYLGRjDOWD
WHPSHUDWXUDGRSODVPDDRVHIHLWRVGHPDWUL]HjKHWHURJHQHLGDGHGDVXSHUItFLHGDDPRVWUDRTXHDFUHVFHQWDLQWHU-
IHUrQFLDQmROLQHDUDRVHVSHFWURV&5(0(56'$$OpPGLVVRDVHQVLELOLGDGHGRVLVWHPD/,%6XWLOL]DGR
QHVWHWUDEDOKRQmRSHUPLWHGHWHFWDUWUDoRVGHDOJXQVHOHPHQWRVTXtPLFRV5HFHQWHPHQWHFRPDHYROXomRGRVFRP-
SXWDGRUHVYiULRVPpWRGRVHDOJRULWPRVIRUDPSURSRVWRVSDUDFRUULJLUDOLQKDGHEDVHHFRPLVVRSHUPLWLUFRQV-
WUXLUPRGHORVPXOWLYDULDGRVSDUDSUHGLomRGHWUDoRVGHHOHPHQWRVTXtPLFRVHPVRORV1HVWHWUDEDOKRDYDOLDPRVD
SRVVLELOLGDGHGHTXDQWL¿FDUFREUHFRPFRQFHQWUDomRLQIHULRUDSSPHPDPRVWUDVGHVRORVXWLOL]DQGRDWpFQLFD
/,%6&RPRQHVVDVFRQFHQWUDo}HVDVOLQKDVGHHPLVVmRGRFREUHQmRVmRGHWHFWiYHLVQRVLVWHPD/,%6HPSUHJDGR
WHVWDPRVRSULQFtSLRGHTXDQWL¿FDUHVVHHOHPHQWRDWUDYpVGHOLQKDVGHHPLVVmRGHRXWURV3DUDFKHJDUDHVVHUHVXO-
WDGRXWLOL]DPRVPpWRGRVGHFRUUHomRGHOLQKDGHEDVHHUHJUHVVmRPXOWLYDULDGDFRQIRUPHDSUHVHQWDGRVDVHJXLU
2. Materiais e Métodos
2.1. Solos
$V DPRVWUDV GH VROR DQDOLVDGDV QHVWH WUDEDOKR VmR SURYHQLHQWHV GH GLYHUVDV UHJL}HV SURGXWLYDV GR
%UDVLOHIRUDPIRUQHFLGDVSHOR,$&,QVWLWXWR$JURQ{PLFRGH&DPSLQDV$TXDQWLGDGHGHFREUHWRWDOFRQWLGDQDV
DPRVWUDVGHVRORIRLPHGLGDSHODWpFQLFDGHUHIHUrQFLD,&32(63DUDDQiOLVHGDWpFQLFD/,%6IRUDPSURGX]LGDV
SDVWLOKDVFRPSUHVVmRGH toQDSDUWLUGDVDPRVWUDVVHFDVjWHPSHUDWXUDDPELHQWHHKRPRJHQHL]DGDVD mesK
2.2. LIBS
$/,%60$5*26+(6FRQVLVWHHPXWLOL]DUSODVPDJHUDGRSRUSXOVRVGHODVHUGHDOWDSRWrQFLD
SDUDHVWXGDURVHOHPHQWRVTXtPLFRVSUHVHQWHVQDDPRVWUD(VWDWpFQLFDSHUPLWHPHGLGDVTXDQWLWDWLYDVHTXDOLWDWLYDV
GDFRPSRVLomRTXtPLFDGHTXDOTXHUWLSRGHPDWHULDOLQGHSHQGHQWHGHVHXHVWDGRItVLFR$VPHGLGDVIRUDPUHDOL-
]DGDVFRPXPHTXLSDPHQWR/,%6GHEDQFDGDGD(PEUDSD,QVWUXPHQWDomRPRGHOR/,%6GD2FHDQ2SWLFV
HTXLSDGRFRP/DVHUGH1G<$*RSHUDQGRHPQPHP-GHSRWrQFLDSRUSXOVRWHPSRGHDWUDVRGHV
HQWUHRGLVSDURHDFROHWDGRHVSHFWURWHPSRGHLQWHJUDomRGHPV2VLVWHPDIRLDMXVWDGRGHWDOIRUPDDSHUPLWLU
TXDQWL¿FDUYiULRVHOHPHQWRVGHLQWHUHVVHQRVRORLQFOXVLYHRFDUERQRTXHpOHYHVypGHWHFWiYHOTXDQGRRSODVPD
DLQGDHVWiTXHQWHFRPWHPSHUDWXUDHPWRUQRGH.3RUHVVHPRWLYRDOLQKDGHEDVHGRVHVSHFWURVpSURQXQ-
FLDGDRTXHGL¿FXOWDDFRQVWUXomRGHPRGHORVGHFDOLEUDomR3DUDVXSHUDUWDOGL¿FXOGDGHXWLOL]DPRVPpWRGRVGH
FRUUHomRGHUXtGRVDOHDWyULRVHGHOLQKDGHEDVHFRQIRUPHGHVFULWRVDVHJXLU
0RGHORVHVWDWtVWLFRVHGHFDOLEUDomR
$DQiOLVHGRVGDGRVIRLIHLWDDSOLFDQGRVHR¿OWURGHVXDYL]DomRSavitzky-Golay (6$9,7=.<*2/$<
), RTXDODXPHQWDDUHODomRVLQDOUXtGRGRVHVSHFWURVVHPGLVWRUFHUVLJQL¿FDWLYDPHQWHRVLQDO,VWRpFRQVH-
JXLGRDSDUWLUGHXPDFRQYROXomRGHVXFHVVLYRVVXEFRQMXQWRVGHSRQWRVGHGDGRVDGMDFHQWHVFRPXPSROLQ{PLR
DWUDYpVGRPpWRGRGHPtQLPRVTXDGUDGRVOLQHDUHV(PVHJXLGDIRLDSOLFDGRPpWRGRGHFRUUHomRGHOLQKDGHEDVH
Top Hat *,%% QRVHVSHFWURVVXDYL]DGRV(VWHPpWRGR pHVWUXWXUDGRDSDUWLUGHXPDWUDQVIRUPDGDGH)RX-
ULHUGDLQWHQVLGDGHGRHVSHFWURTXHH[WUDLSHTXHQRVHOHPHQWRVHGHWDOKHVGRVGDGRVGRVHVSHFWURVTXHVmRPDLV
UHOHYDQWHVTXHDTXHOHVGHVXDSUR[LPLGDGH
$SyV HVVDV FRUUHo}HV R PpWRGR GH UHJUHVVmR PXOWLYDULDGD SRU PtQLPRV TXDGUDGRV SDUFLDLV 3/65
0$57,16IRLXWLOL]DGRSDUDFRQVWUXomRGHXPPRGHORGHFDOLEUDomRGRVHVSHFWURV/,%6SDUDSUHGLomR
GHFREUHWRWDOQDVDPRVWUDV(VWHPpWRGRIRLXWLOL]DGRSRUTXHUHGX]DGLPHQVmRGDVYDULiYHLVGHHQWUDGDPD[LPL-
]DQGRDFRUUHODomRHQWUHHODVFRPDYDULiYHOUHVSRVWD2PRGHORGHFDOLEUDomRIRLWHVWDGRFRPDYDOLGDomRFUX]DGD
Leave-One-Out/22TXHFRQVLVWHHPFDOLEUDURPRGHORFRP1DPRVWUDVHWHVWDUDTXHODTXH¿FRXGHIRUD
RQGH1pRQ~PHURWRWDOGHDPRVWUDVQHVWHFDVR1 2SURFHVVRpHQWmRUHSHWLGR1YH]HVDWpTXHWRGDVDV
DPRVWUDVVmRWHVWDGDV
3. Resultados e discussão
2HVWXGRIRLUHDOL]DGRQDUHJLmRHVSHFWUDOGHQPDTXDOFRUUHVSRQGHDRVHJXQGRHVSHFWU{PHWUR
GRVLVWHPD/,%6HPSUHJDGRSRUFRPSUHHQGHUDVSULQFLSDLVOLQKDVGHFREUHHQPTXHQmRVmR
LGHQWL¿FDGDVQRHTXLSDPHQWR$)LJXUDDSUHVHQWDRHVSHFWUR/,%6PpGLRGHXPDDPRVWUDVHPFRUUHomRGHOLQKD
GHEDVHDHFRPFRUUHomREDWUDYpVGRPpWRGRTop Hat(VVHPpWRGRHR¿OWURGHVXDYL]DomRIRUDPRWLPL]DGRV
DWUDYpVGRDOJRULWPR1HOGHUDQG0HDG12('$/:5,*+HSHUPLWLUDPPHOKRUDUDGH¿QLomRGRVSLFRV
GHVVDUHJLmRHVSHFWUDO&RQIRUPHPRVWUDD)LJXUDRHVSHFWURIRLFRUULJLGRVDWLVIDWRULDPHQWHVHPGLVWRUo}HVHGH-
IRUPDo}HVHVSHFWUDLVQHPVXEHVREUHDMXVWHGDOLQKDEDVH)RLIHLWDFRQVWUXomRGRPRGHOR3/65FRPRHVSHFWUR
/,%6FRUULJLGRHDFRUUHODomRGRVUHVXOWDGRVSUHGLWRVFRPDPHGLGDGHUHIHUrQFLDDWUDYpVGDYDOLGDomR/22IRL
FRP506(GH$FRUUHODomRHQWUHDSUHGLomRUHDOL]DGDSHORPRGHOR3/65HDVPHGLGDVGHUHIHUrQFLD
SRGHVHUYLVXDOL]DGDQD)LJXUD
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)LJXUD(VSHFWURV/,%6FRPFRUUHomRDEDL[RHVHPFRUUHomRDFLPDGHOLQKDGHEDVH
)LJXUD&RUUHODomRHQWUHSUHGLomRGRPRGHOR3/65FRPDPHGLGDGHUHIHUrQFLD,&3SDUDWUDoRGHFREUH
QDVDPRVWUDVGHVROR
(QWUHWDQWRRPpWRGRGHFRUUHomRGHOLQKDGHEDVHXWLOL]DGRQmRDSUHVHQWRXDH¿FLrQFLDGHVHMDGDMiTXH
PHVPRFRPDRWLPL]DomRGRVSDUkPHWURVDOLQKDGHEDVHQmRIRLWRWDOPHQWHFRUULJLGD)LJXUD3DUDTXHDFRUUH-
omRGDOLQKDGHEDVHIRVVHWRWDOPHQWHUHVROYLGDDFRUUHODomRHQWUHDLQWHQVLGDGHGHFDGDSRQWRHVSHFWUDOHRWHRUGH
FREUHGHYHULDRVFLODUHPWRUQRGR]HURRTXHQmRRFRUUHQD)LJXUD0HVPRDVVLPDLQGDQHVVD¿JXUDpSRVVtYHO
QRWDUYiULRVSLFRVHYDOHVTXHSRGHPFRUUHVSRQGHUjHPLVVmRGHRXWURVHOHPHQWRVHTXHFRQWULEXHPSRVLWLYDRX
QHJDWLYDPHQWHQRPRGHORGHFDOLEUDomRJHUDGR(VVHUHVXOWDGRVXJHUHSRUWDQWRTXHDUD]mRHVWHTXLRPpWULFDGR
FREUHFRPRXWURVHOHPHQWRVSRGHHVWDUFRQWULEXLQGRSDUDRPRGHORGHUHJUHVVmR$OpPGLVVRQDUHJLmRSUy[LPD
DRVSLFRVGRFREUHHPHQPDFRUUHODomRpDOWDHSRVLWLYDRTXHGiLQGtFLRVGDSRVVtYHOFRQWULEXLomR
GHVVHHOHPHQWRQRPRGHORGHFDOLEUDomR
)LJXUD&RUUHODomRSRQWRDSRQWRHQWUHRHVSHFWUR/,%6HRWHRUGHFREUH
4. Conclusão
(VWHWUDEDOKRXYLVRXHVWLPDURWHRUGHFREUHHPDPRVWUDVGHVRORDSDUWLUGDVOLQKDVGHRXWURVHOHPHQWRV
TXtPLFRV3HORIDWRGHKDYHUDSHQDVWUDoRVGHFREUHQDVDPRVWUDVRHVSHFWU{PHWURQmRFRQVHJXLXGHWHFWDUDVOLQKDV
GHVVHHOHPHQWRGHYLGRDRVHXOLPLWHGHGHWHFomRWRUQDQGRGLItFLORVHXHVWXGR3RUFDXVDGLVVRIRLFRQVWUXtGR
XPPRGHORGHUHJUHVVmROLQHDUPXOWLYDULDGRSDUDDUHJLmRHVSHFWUDO±QPDSyVDFRUUHomRGHOLQKDGHEDVH
$FRUUHODomRHQWUHRWHRUGHFREUHPHGLGRSHODWpFQLFDGHUHIHUrQFLDHDVSUHGLo}HVGRPRGHOR/,%6IRLGH
FRPLPSUHFLVmRGH6RPDGRDLVVRRVUHVXOWDGRVGHFRUUHODomRSRQWRDSRQWRHQWUHRVSRQWRVHVSHFWUDLVHRV
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